Analytical modeling of carbon nanotube transistor based biosensor for glucose detection by Hosseingholipourasl, Ali
  
 
A NALYTICAL MODELING OF CARBON NANOTUBE TRANSISTOR 
BASED BIOSENSOR FOR GLUCOSE DETECTION 
ALI HOSSEINGHOLIPOURASL 
A project report submitted in partial fulfilment of                 
 the requirements for the award of the degree of 
Master of Engineering (Electrical - Electronics & Telecommunications) 
FACULTY OF ELECTRICAL ENGINEERING 
UNIVERSITI TEKNOLOGI MALAYSIA 
JANUARY 2014 
 
iv 
 
 
 
 
 
I would like to dedicate this dissertation to my beloved father, Alireza 
Hosseingholipourasl, who taught me how to be strong and ambitious. It is also 
dedicated to my beloved mother, Fardaneh Hasanzadeh, who taught me how to be 
patience and love people kindly. Without their patience, understanding, support, and 
most of all love, the completion of this work would not have been possible. I would 
like to dedicate this thesis to my dear sister, whose positive energy always support 
me the best way. 
v 
 
ACKNOWLEDGEMENTS 
I would like to express my deepest gratitude to Dr. Michael Tan Loong Peng, 
my supervisor, a senior lecturer at the Faculty of Electrical Engineering, Universiti 
Teknologi Malaysia, for his excellent guidance and insights throughout this project. 
It is quite gratifying to work under his supervision. I will eternally remember this 
life-changing experience to work with him.  
My unconditional and undying appreciation rests with Assistant Prof. Dr. 
Mohammad Taghi Ahmadi for his outstanding helps in Biosensor and Carbon 
Nanotube FET area. 
Also my special acknowledgment goes to my best friend Dr. Meisam 
Rahmani who helped my through out of this thesis.  
vi 
 
ABSTRACT 
The industry in sensory devices, nowadays, has become overflowed with the 
development of carbon nanotubes based sensor. So far, wide ranges of potential and 
practical applications of CNTs have been reported, including chemical sensors 
electronic devices and so on. CNT possess enhanced electron transfer property when 
used as electrodes in electrochemical reactions and serves as a good solid support for 
easy protein immobilization that retains their native activity for use as potential 
biosensors. The determination of glucose levels using biosensors, particularly in the 
medical diagnostics and food industries, is gaining mass appeal. The glucose 
biosensors detect the glucose molecule by catalyzing glucose to the gluconic acid 
and H2O2 in the presence of oxygen. In this study, a single-wall carbon nanotube 
field-effect transistor (SWCNT FET) biosensor for glucose detection is analytically 
modelled. In the proposed model, the glucose concentration is presented as a 
function of gate voltage. Subsequently, the proposed model is compared with 
existing experimental data. A good consensus between the model and the 
experimental data is reported. The simulated data demonstrate that the analytical 
model can be employed with an electrochemical glucose sensor to predict the 
behavior of the sensing mechanism in biosensors. 
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ABSTRAK 
Sejak kebelakangan ini, industri alat deria memberi fokus kepada 
pembangunan alat deria berasaskan nanotube karbon. Setakat ini, banyak potensi dan 
aplikasi praktikal CNTs telah dilaporkan, dan ini termasuklah sensor kimia electronik 
dan sebagainya. CNT mempunyai kelebihan dalam pemindahan elektron apabila 
digunakan sebagai elektrod dalam tindak balas electrokimia, dan berfungsi sebagai 
sokongan yang baik dan kukuh kepada immobilisasi protein yang mengekalkan 
activity asal untuk digunakan sebagai biosensor yang berpotensi. Penentuan paras 
glukosa dengan penggunaan biosensor, terutamanya dalam diagnostik perubatan dan 
industry makanan, semakin diberi perhatian. Biosensor glukosa mengesan molekul 
glukosa dengan memangkinkan glukosa kepada asid glukonik dan H2O2 dalam 
kehadiran oksigen. Dalam kajian ini, satu dinding-tunggal nanotube karbon transistor 
(SWCNT FET) biosensor dimodelkan secara analitikal untuk pengesanan glukosa. 
Dalam model yang dicadangkan, kepekatan glukosa adalah fungsi daripada voltan 
get. Selepas itu, model yang dicadangkan itu dibandingkan dengan data eksperimen 
yang sedia ada. Persetujuan yang baik antara model dan data eksperimen dilaporkan. 
Data simulasi menunjukkan bahawa model analitikal ini boleh digunakan dengan 
sensor glukosa elektrokimia untuk meramalkan kelakuan mekanisme penderiaan 
dalam sensor bio.   
